Introduction
Male-male sexual behavior is illegal in several African countries, including Kenya [1] , where gay, bisexual, and other MSM (GBMSM) are targets of discrimination, blackmail, and violence [2, 3] . This hostility can lead to high levels of distress, contributing to depression, alcohol use, and other substance use [4] [5] [6] [7] . The minority stress theory posits that gay and bisexual individuals experience stress due to societal stigma, and attributes poor mental health to this stress [8] . Stressors may be more acute among people with intersecting minority status, such as GBMSM living with HIV infection and those engaging in transactional sex [9] . In addition, GBMSM recruited into HIV prevention studies in sub-Saharan Africa report high levels of childhood abuse and more recent trauma [3] [4] [5] , each of which may contribute to adverse psychosocial outcomes.
Depressed mood, alcohol use, and other substance use are important predictors of sexual risk behavior among GBMSM in sub-Saharan Africa [7, 10, 11] . Information on psychosocial and contextual factors leading to these conditions is needed to develop and target effective prevention strategies tailored to this population [11] . We hypothesized that living with HIV and engaging in transaction sex would be associated with increased depressive symptoms, alcohol use, and other substance use among Kenyan GBMSM. Using cross-sectional data from three Kenyan research sites, the current study examines two questions. First, how prevalent are depressive symptoms, alcohol use, and substance use in a diverse population of GBMSM? Second, to what extent are HIV status, transactional sex, childhood abuse, and recent victimization associated with these three conditions?
Methods
Study sites This is a secondary analysis of data abstracted from three studies of self-identified GBMSM conducted in Nairobi, coastal Kenya, and Kisumu by members of the GBMSM Health Research Consortium, a collaboration focused on improving HIV prevention and care services for GBMSM in Kenya. The geographic areas covered represent three distinct regions containing the majority of Kenya's multiethnic population. Studies in Nairobi and coastal Kenya targeted recruitment toward GBMSM engaged in transactional sex.
Nairobi
Participants were recruited for a cross-sectional mixedmethods study sponsored by the Canadian Institutes of Health Research to understand vulnerability to HIV in this population. Recruitment took place between January and May 2016 at two clinics providing tailored services to GBMSM.
Coastal Kenya
Participants were enrolled in cohorts at the Kenya Medical Research Institute-Wellcome Trust Research Programme in Mtwapa [4, 12, 13] . Sociodemographic data were collected at cohort enrollment. Mental health data were collected at enrollment or follow-up visits between December 2015 and October 2016.
Kisumu
Participants were recruited for a find, test, link, and retain in care study called 'Anza Mapema' (Kiswahili for 'start early'), sponsored by the US Centers for Disease Control and Prevention. HIV-positive GBMSM already linked to care were excluded. Baseline mental health data were collected at enrollment visits between August 2015 and September 2016.
Data collection
Data were collected by audio computer-assisted selfinterview (ACASI) or computer-assisted personal interview (CAPI) in English, Kiswahili, or Dholuo. A version of the Patient Health Questionnaire 9 (PHQ-9) depression module validated in Kiswahili was used at all sites [14] . Other questions were translated from English to Kiswahili or Dholuo by staff at each site, with backtranslation to ensure retained meaning. Questions considered unclear or difficult to translate were edited according to each site's local review process.
Trained interviewers explained procedures, answered questions, and assisted with technical problems. After completing the ACASI/CAPI, participants debriefed with a counselor and were provided referrals for mental health services as needed. HIV counseling and testing was then conducted according to Kenyan guidelines [15] .
Measures
Outcomes Depressive symptoms The PHQ-9, with nine items rated on a 4-point Likert scale, was used to assess depressive symptoms (Supplemental Table 1 , http:// links.lww.com/QAD/B272) [16] . The standard PHQ-9 responses of 'Not at all', 'Several days', 'More than half the days', and 'Nearly every day' were used in Kisumu, whereas the Nairobi and coastal Kenya sites used a revised response set: 'Not at all', 'A few days', 'Several days', and 'Nearly all the days'. Responses were summed for a total score ranging from 0 to 27. Based on PHQ-9 scoring guidelines, a score of 10 or above defined moderate-tosevere depressive symptoms [16] .
Alcohol use The Alcohol Use Disorder Identification Test (AUDIT) rates 10 items on a 5-point scale (Supplemental Table 2 , http://links.lww.com/QAD/ B272) [17] . In Nairobi and coastal Kenya, if a participant answered 'Never' to the first item, on the frequency of drinking, the final two items were asked (refer to Supplemental Table 2 , http://links.lww.com/QAD/ B272). In Kisumu, no skip pattern was used. In Nairobi and coastal Kenya, the responses 'Never', 'A few days a year', 'Every month', 'Every week', and 'Every day' were used for questions 3-8. In Kisumu, the responses for these items were modified: 'Never', 'Monthly or less', '2-4 times a month', '2-3 times a week', and '4 or more times a week'. Responses were summed for a total score ranging from 0 to 40. A score of 8 or above (Zones II -IV) defined hazardous alcohol use [17] .
Other substance use The Drug Abuse Screening Test 10 (DAST-10) was used in Nairobi and coastal Kenya to measure problematic use of nonprescription substances other than alcohol or tobacco [18] . In Kisumu, a shortened instrument omitted four DAST-10 items (Supplemental Table 3 , http://links.lww.com/QAD/ B272). In Kisumu, a skip pattern was employed so that participants reporting no nonmedical substance use were asked no further items. For this analysis, only the six items (DAST-6) asked at all sites were used. A positive response on any item defined problematic substance use.
Primary exposures HIV status Self-reported HIV status was compared with HIV test results and separated into three categories: known HIV-positive (i.e. self-reported positive/tested positive), newly diagnosed (i.e. self-reported negative or unknown/tested positive), and HIV-negative (i.e. tested negative).
Transactional sex Engagement in transactional sex was dichotomized to any engagement vs. none. Questions about transactional sex varied across sites (Supplemental Table 4 , http://links.lww.com/QAD/B272).
Additional exposures
Childhood abuse Childhood abuse was measured using the four-item Childhood Experience of Care and Abuse scale (Supplemental Table 5 , http://links.lww.com/ QAD/B272) [19] . A positive response to any item was classified as childhood abuse.
Recent trauma Recent trauma was assessed using the four-item USAID Health Policy Initiative MSM Trauma Screening Tool (Supplemental Table 6 , http://links.lww.-com/QAD/B272) [20] . In Nairobi and coastal Kenya, questions asked about trauma in the past year. In Kisumu, questions asked about trauma in the past 3 months. A positive response to any item was classified as recent trauma.
Confounders Sociodemographics All sites asked about age, religion, education, and marital status.
Data analysis
De-identified data from each site were standardized and merged into a unified dataset. For categorical variables, number and percentage were calculated and Pearson's Chi-square test performed for comparisons across HIV status groups. For continuous variables, median and interquartile range (IQR) were calculated and the Kruskal-Wallis test used to compare across HIV status groups. Spearman's rank-order correlation between outcomes was calculated. 'Don't know', 'refused' and missing responses were relatively frequent (>10%) for engagement in transactional sex, childhood abuse, and recent trauma. Because participants may have refused or skipped questions for a reason, these responses were coded as a separate category, and data were not imputed.
Mixed effects Poisson regression with a random effect for site was used to produce prevalence ratios in both univariable and multivariable analyses. HIV status, engagement in transactional sex, childhood abuse, and recent trauma were included a priori in all multivariable analyses. Age, marital status, education, and religion were included in multivariable analyses when associated with the outcome of interest at P values less than 0.20. P values for categorical variables were calculated using Wald tests. Data were analyzed using Stata version 14 (StataCorp, College Station, Texas, USA).
Ethics statement
All participants provided written informed consent. Research protocols were approved by the Kenyatta National Hospital and University of Manitoba (Nairobi); Maseno University, University of Illinois at Chicago, and University of Washington (Kisumu); and Kenya Medical Research Institute and University of Washington (coastal Kenya). All sites formally agreed to share data.
Results

Study population
Results were available for 1476 participants: 537 (37%) from Nairobi, 241 (16%) from coastal Kenya, and 698 (47%) from Kisumu (Table 1) . Median age was 25 years (IQR [22] [23] [24] [25] [26] [27] [28] [29] . A majority (932, 63%) reported engagement in transactional sex, as expected due to recruitment targeting GBMSM engaging in transactional sex at two sites. Two hundred and eighty-one participants (19%) reported living with HIV, of whom 264 (94%) tested positive (known HIV-positive) and 17 (6%) tested negative, contrary to their self-reported status. Among 1195 participants who self-reported as HIV-negative or status unknown, 128 (11%) tested HIV-positive (newly diagnosed HIV-positive). The remaining 1085 participants were HIV-negative. Across HIV status categories, hazardous alcohol use was less common among participants with known HIV-positive status (P ¼ 0.001). HIV-negative participants had a higher frequency of reported childhood abuse (P ¼ 0.01).
Depressive symptoms, alcohol use, and other substance use Median PHQ-9 score was 7 (IQR 3-11), and 452 participants (31%) had a PHQ-9 score of at least 10, compatible with moderate-to-severe depressive symptoms. Median AUDIT score was 6 (IQR 0-14), and 637 participants (44%) had an AUDIT score of at least 8, suggestive of hazardous alcohol use. Median DAST-6 score was 1 (IQR 0-4), and 749 participants (51%) had a DAST-6 score of at least 1, indicating problematic substance use. AUDIT and DAST-6 scores were weakly correlated with PHQ-9 scores (PHQ-9/AUDIT r ¼ 0.27, P < 0.001; PHQ-9/DAST-6 r ¼ 0.34, P < 0.001). AUDIT and DAST-6 scores were moderately correlated (r ¼ 0.42, P < 0.001).
Associations with moderate-to-severe depressive symptoms In univariable analysis, childhood abuse and recent trauma were associated with moderate-to-severe depressive symptoms ( 
Associations with hazardous alcohol use
In univariable analysis, engagement in transactional sex, childhood abuse, and recent trauma were associated with hazard alcohol use (Table 3) . In multivariable analysis, adjusted for age and education, transactional sex (aPR 1.34, 95% CI 1.12-1.60), childhood abuse (aPR 1.36, 95% CI 1.10-1.68), and recent trauma (aPR 1.60, 95% CI 1.33-1.93), were associated with hazardous alcohol use.
Associations with problematic substance use
In univariable analysis, childhood abuse and recent trauma were associated with problematic substance use (Table 4 ). In multivariable analysis adjusted for religion, childhood abuse (aPR 1.32, 95% CI 1.09-1.60) and recent trauma (aPR 1.35, 95% CI 1.14-1.59) were associated with problematic substance use.
Discussion
Given the multiple stressors faced by GBMSM across subSaharan Africa, a better understanding of factors influencing their mental health and substance use is needed. In a large, diverse population of GBMSM from three research sites in Kenya, we found that 31% reported moderate-to-severe depressive symptoms, 44% reported hazardous alcohol use, and 51% reported problematic substance use. Surprisingly, known HIV-positive status was not associated with any of these outcomes. Transactional sex was associated only with hazardous alcohol use. In contrast, both childhood abuse and recent trauma were associated with each of the outcomes studied, highlighting the importance of structural interventions to protect the rights of GBMSM.
The prevalence of moderate-to-severe depressive symptoms we found (31%) is higher than the 4.4% prevalence of major depressive disorder or dysthymia found in the general population of Kenyan males [21] , but similar to the 34% prevalence of moderate-to-severe depressive symptoms among HIV-positive Kenyan men and women [22] . In addition, the 44% prevalence of hazardous alcohol use is higher than the 5.8% prevalence reported for men in the general Kenyan population [23] . We could find no comparable data on other substance use disorders in Kenyan men.
Depressive symptoms and substance use among MSM in Kenya Korhonen et al. 1511 Transactional sex was associated with hazardous alcohol use, but not with depressive symptoms or problematic substance use. In qualitative research, men engaging in transactional sex in Kenya have reported drinking to excess as part of their work, which often involves meeting clients in bars [24] . Given the health effects of substance use, including increased risk of HIV acquisition, the high levels of both alcohol and other substance use we found suggest that interventions to address these problems and underlying factors are sorely needed [11] .
Over 70% of study participants reported physical or sexual abuse in childhood. Similar to our findings, the 2010 Kenya Violence Against Children Study found that 18% of males reported sexual violence and 73% reported physical violence prior to age 18 [25] . We found that both childhood abuse and recent adult trauma were associated with moderate-to-severe depressive symptoms, hazardous alcohol use, and problematic substance use. These problems have profound and wide-ranging effects, and abuse counseling should be integral to GBMSM-focused services in Kenya and other rights-constrained settings [26] .
The WHO and Kenya's National AIDS Control Council have called for reducing stigma and discrimination against GBMSM to improve health outcomes [27, 28] . The illegality of same-sex behavior, which provides a license to harass and discriminate, is unacceptable. Although a case has been filed in the Kenyan high court by the National Gay and Lesbian Human Rights Commission contesting these laws [29] , progress is slow. Although Kenya's Ministry of Health supports programs for GBMSM [30] , GBMSM still face hostility and discrimination in many healthcare settings [24] . Sensitivity training has been shown to reduce homoprejudice in Kenyan healthcare workers [31] and should be scaled up.
Interventions to improve resilience and coping strategies have reduced internalized homophobia among US GBMSM, but have not been assessed among African GBMSM.
The current study has several limitations. First, ACASI/ CAPI differences across sites likely increased variability. We attempted to address this problem by including a random effect for site in analyses. Second, as the scales used to measure outcomes have not been validated among GBMSM in East Africa, applying standard cut 1512 AIDS 2018, Vol 32 No 11 Fifth, Kenyan GBMSM are highly mobile, and it is possible that a small number participated at more than one site. Fingerprint scans are used at two sites, but double enrolments could not be checked due to software incompatibility. Sixth, participants were recruited using snowball sampling and peer recruitment, biasing the sample in favor of men known to be GBMSM. Therefore, this population may not be representative of all Kenyan GBMSM. Finally, this is a cross-sectional study, and therefore, associations cannot be interpreted as causal.
In conclusion, GBMSM in rights-constrained settings need culturally appropriate mental health and substance use prevention and treatment services, in addition to advocacy and structural interventions to protect human rights. Mental health and substance use screening and treatment or referral should be an integral part of programs, including HIV prevention and treatment programs, providing services to GBMSM. All authors substantially contributed to the study's conception, design, and performance. 
